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Abstract

The synthesis and mechanical-microstructural characterization on nanocomposites was the
focus in this project. Nanoparticles of different nature (C and silver nanoparticles) and
nanofiber (carbon nanotubes) were used as reinforcement phase. In the beginning pure
aluminum matrix was employed to produce nanocomposites, at the end was explored the
possibility to scale this results to aluminum alloys (AA2024 and AA7075). Nanoparticles
(NPs) dispersion showed an increment in mechanical properties as a function of the NP
content. Graphite NPs favor the formation of an apparent aluminum oxi-carbide with
amorphous structure. Silver nano particles (AGc-NP) kept the morphology after all
experimental process; this means that AGc-NP were not dissolved or deformed during
processes. In the same case to graphite NP, when AG¢-NP were used as reinforcing phase, an
increment in mechanical properties was observed as a function of AGc-NP content. There are
several strengthening mechanisms working in these nanocomposites. Some of them are
commented and discussed in published articles.

2.- Objective:

Our research objective is to increase the mechanical resistance of aluminum matrices (focused
in aluminum alloys from series 2XXX, 7XXX and pure aluminum) produced by Powder
Metallurgy processes without altering the natural ductility and density values of the alloys.
The reinforced Al alloys can be used satisfactorily in applications related to aeronautical and
aerospace industries, as well as other related industries.

3.- Status of effort

Considerable advances have been reached in the aluminum matrix reinforcement by
nanoparticles dispersion, main focus of this project. Nanoparticles (and nanofiber) of different
nature has been studied as reinforcement dispersoids. Results of Aluminum-Graphite
nanoparticles (GNP), Aluminum-Silver Nanoparticles (Ag-NP) and Aluminum-Carbon
nanotubes (CNT) composites are included in the present report. Additionally, in alloys that
can be strengthened by precipitation thermal treatment (aging), for example series 7XXX or
2XXX, the first experiments are running, however these results are not reported (published) at
this time. Has been found an important effect of solution treatment on mechanical properties
in nanocomposites, we expect that after precipitation treatment (Temper T6), obtain better
mechanical properties that the initial aluminum alloy (7XXX or 2XXX). At the end of this
project were published several scientific articles, includes in the number 6 (Publications).

4.- Accomplishments/New Findings

The main objective of the present research is the reinforcement of aluminum matrix by NP
and nanofiber (CNT) dispersion. In this field, an important increment in mechanical
properties (tensile, compression and hardness test) by NP and CNT dispersion was observed.
The variations in density observed were not important. Presence of NP delays the
recrystalization in hot extruded aluminum based nanocomposites compared with pure
aluminum after same hot treatment.

In the beginning, pure aluminum as composite matrix was used; however, the experimental
procedure was shifted to aluminum alloy, mainly in Al-Cu (2XXX series) and Al-Zn (7XXX
series).

Work with aluminum alloys (series 2XXX & 7XXX) still in the beginning step. However, the
new results are optimistic and promissory. the mechanical and microstructural
characterization after heat treatment are being caring out; the questions are, what is the
interaction of nanoparticles with the precipitates, is there an effect of nanoparticles dispersion



in the precipitation sequence?, is there an effect of nanoparticles (or CNT) in the precipitates
size?. And one of the most important questions, how is the interaction of dislocations with the
nanoparticles or nanofibers (CNT)?. Deep characterization is necessary and our group in
working in this direction. At this moment there are publications result of this research project,
were the possible strengthening mechanisms are mentioned and discussed.

New opportunity areas are emerged during the course of the present research, for example,
what is happening in the interface Aluminum- NTC?. Apparently, there exists an aluminum
carbide nucleation at the interphase. It has been found the presence of anAl,C; by X-ray
diffraction. ldentification of this carbide has been reached, the morphology and its
composition is under characterization.

We still working in the determination of saturation point, at this moment mechanical
properties are increasing as the NP content in increasing as well; however, the maximum
amount has not been determinate or reached. We report publications about aluminum-based
nanocomposites with amounts of CNT or NP in the order of 5§ wt. %, however, the saturation
point apparently has not been reached.

It is well know that aluminum alloys 2024 and 7075 are susceptible of precipitation
strengthening, has been found that CNT and AGc-NP increase the mechanical resistance in
2024 aluminum alloy, this open the possibility that with a subsequent heat treatment (T6), will
be possible obtain composite materials (AA2024-CNT or AA2024- AGc-NP) with novel
properties, compared with AA2024 aluminum alloy.
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